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LensThe avascular lens of the eye is covered anteriorly by an epithelium containing nucleated, metabol-
ically active cells. This epithelium contains the ﬁrst lens cells to encounter noxious external stimuli
and cells that can develop compensatory or protective responses. Lens epithelial cells express the
gap junction proteins, connexin43 (Cx43) and connexin50 (Cx50). Cx43 and Cx50 form gap junction
channels and hemichannels with different properties. Although they may form heteromeric hemi-
channels, Cx43 and Cx50 probably do not form heterotypic channels in the lens. Cx50 channels make
their greatest contribution to intercellular communication during the early postnatal period; subse-
quently, Cx43 becomes the predominant connexin supporting intercellular communication.
Although epithelial Cx43 appears dispensable for lens development, Cx50 is critical for epithelial cell
proliferation and differentiation. Cx43 and Cx50 hemichannels and gap junction channels are regu-
lated by multiple different agents. Lens epithelial cell connexins contribute to both normal lens
physiology and pathology.
 2014 Federation of European Biochemical Societies. Published by Elsevier B.V. All rights reserved.1. Introduction This review will focus on the role of connexins for epithelial cellThe lens is a transparent organ whose main function is to trans-
mit light and focus it on the retina. It is suspended between the
aqueous humor and the vitreous. The cells of the lens communi-
cate through an extensive network of gap junctions that are critical
for cell homeostasis and maintenance of transparency, since the
lens has no direct blood supply.
The lens contains two cell types: epithelial cells that constitute
a single layer along the anterior surface and ﬁber cells that form
the bulk of the organ. These two cell types originate during
embryogenesis from the lens vesicle when cells in the posterior re-
gion elongate to form the primary ﬁbers. Afterwards, epithelial
cells near the lens equator differentiate into ﬁber cells. Epithe-
lial-to-ﬁber cell differentiation involves cell elongation and loss
of nuclei and organelles and occurs throughout the lifespan of
the organism. Connexin46 (Cx46) and connexin50 (Cx50) are the
two most abundant gap junction proteins in lens ﬁber cells [1,2].
These two connexins co-localize at gap junction plaques and can
form mixed hexamers [1,3]. Substantial attention has been paid
to Cx46 and Cx50, since cataracts develop in people or animals
with mutations of these genes and in ‘‘knock-out’’ mice. These con-
nexins and their roles in the lens have been reviewed recently [4].function. These cells are critically important for the lens, since they
contain most of its metabolic, synthetic and active transport
machinery [5]. Moreover, since ﬁber cells lose their nuclei, the epi-
thelial cells are the only lens cells capable of proliferation. Thus,
the division of these cells directly contributes to lens growth. Pro-
liferation and differentiation of lens epithelial cells are inﬂuenced
by various growth factors (including FGFs, BMPs, and TGFb) and
signaling cascades (including MAPK/ERK and Wnt/Fz) (reviewed
by [6]).
2. Connexins expressed in lens epithelial cells
The gap junctions between epithelial cells are morphologically
and physiologically distinct from those between ﬁber cells. Elec-
tron micrographs have shown that epithelial gap junctions contain
tightly grouped connexons (with a near crystalline organization
similar to junctions between cardiac myocytes or hepatocytes)
while those between ﬁber cells are more randomly dispersed
[7,8]. While the basis for the ‘‘crystalline’’ appearance of gap junc-
tions is poorly understood (despite multiple electron microscopy
studies), this difference has suggested that epithelial and ﬁber cell
gap junctions might have different protein components and might
have some different physiological properties [8]. Epithelial cell gap
junctions are differentially regulated from those between ﬁber
cells; for instance, they are more sensitive to closure in response
to cytoplasmic acidiﬁcation [8]. Two connexins are extensively ex-
pressed by epithelial cells, Cx43 and Cx50. Immunoﬂuorescence
1298 V.M. Berthoud et al. / FEBS Letters 588 (2014) 1297–1303studies show that the distributions of Cx43 and Cx50 are substan-
tially overlapping, with some gap junction plaques containing both
connexins and others containing only Cx43 or Cx50 (Fig. 1 and [9]).
3. Cx43 and Cx50 channels
3.1. Gap junction channels
The properties of Cx43 and Cx50 channels in epithelial cells can
be extrapolated from studies of these connexins performed in
exogenous expression systems. Both Cx43 and Cx50 form func-
tional homomeric/homotypic gap junction channels (i.e., two
hemichannels composed of the same connexin isoform docked to
each other), but these channels differ in some properties including
voltage gating, single channel conductance and permeability. Cx50
channels are more sensitive to transjunctional voltage than Cx43
channels. The single channel conductance of the main state of
Cx50 channels is about 220 pS [10] whereas that of Cx43Fig. 1. Immunoﬂuorescence localization of Cx43 and Cx50 in the epithelium.
Confocal images showing the distribution of Cx43 (red) and Cx50 (green) in a ﬂat
mount of the epithelium removed from the lens of a 1.9 month old C3H mouse. The
bottom panel (Merged) shows the overlap of these connexins (yellow) and the
nuclei detected by DAPI staining. These images illustrate the variations in relative
proportions of Cx43 and Cx50 and the extent of their co-localization. Bar, 26 lm.channels is about 100 pS [11,12]. Cx43 channels exhibit similar
permeabilities to both cations and anions [13], but Cx50 channels
are more permeable to cations than anions [10]. While both Cx43
and Cx50 make gap junction channels that are permeable to gluta-
thione, the permeability of Cx43 channels to glutathione is greater
[14,15]. These channels may have different relative size selectivi-
ties, since Cx43 channels are more permeable to some larger gap
junction tracers (including Lucifer yellow and Alexa594) than ones
formed of the chicken Cx50 ortholog [16]. The differences in
voltage gating and permeability between gap junction channels
formed of Cx43 and Cx50 are inﬂuenced by differences in
N-terminal amino acids between these connexins [16].
It is not entirely clear whether Cx43 and Cx50 can combine to
form functional channels containing both connexins. Gap junction
channels containing two different connexins can be heterotypic
(formed by the docking of hemichannels composed of different
connexins) or heteromeric (formed by the mixing of two different
connexins within a hemichannel). Cx43 and Cx50 do not form het-
erotypic channels in Xenopus oocyte pairs [17]. However, they may
form heteromeric channels, since Xenopus oocytes co-injected with
Cx43 and Cx50 cRNAs have lower junctional conductances than
ones injected with either cRNA alone [18]. Moreover, some Cx50
mutants (Cx50P88S and Cx50S50P) do not localize to gap junction
plaques when expressed by themselves, but they do so when trans-
fected into cells that endogenously express Cx43 or when they are
co-expressed with Cx43 [18,19]; this ‘‘rescue’’ of mutant protein
trafﬁcking by wild type Cx43 suggests that they may interact and
form heteromeric connexons.
3.2. Cx43 and Cx50 hemichannels
Both Cx43 and Cx50 can form functional hemichannels. They
have primarily been studied in non-lens cells or in exogenous
expression systems where hemichannel opening is induced by
incubation in extracellular solutions containing very low concen-
trations of divalent cations.
Cx43 hemichannels have unitary conductances of 220 pS
(about twice the conductance of a single Cx43 intercellular chan-
nel) [20]. In addition to opening by exposure to low concentrations
of extracellular divalent cations, Cx43 hemichannels open in re-
sponse to metabolic inhibition, some cytokines, and oxidative
stress [21,22]. Opening of Cx43 hemichannels is modulated by
intracellular pH and the phosphorylation status of the protein.
Cx43 hemichannels are permeable to a variety of common dye
tracers (like Lucifer yellow, ethidium, DAPI and propidium) and
can allow the release of cytoplasmic small molecules (including
ATP, glutamate, NAD+, glutathione, PGE2, and ascorbate) [22,23].
The electrophysiological properties and regulation of Cx50
hemichannels have also been extensively characterized. Cx50
hemichannels open in response to reduction of extracellular cal-
cium and transmembrane depolarization; they are closed by extra-
cellular acidiﬁcation [24]. When expressed in Xenopus oocytes,
Cx50 forms inwardly rectifying, high conductance (470 pS) single
hemichannels [25]. In HeLa cells, the single channel conductance
of the main state of Cx50 channels is 352 pS [26]. Hemichannels
formed of Cx50 are sensitive to extracellular monovalent cations.
Replacement of extracellular Na+ with K+ (or other monovalent
cations) potentiates Cx50 hemichannel currents; apparently, K+
reduces the ability of divalent cations like Ca2+ to close Cx50
hemichannels [27].
3.3. Pharmacology
Some of the relatively non-selective gap junction channel
‘‘blockers’’, like octanol, heptanol, ﬂufenamic acid, and glycyrrh-
etinic acid derivatives inhibit both Cx43 and Cx50 homomeric/
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some pharmacological properties. Cx50 gap junction channels
are inhibited by quinine (IC50 73 lM), meﬂoquine (IC50
1.1 lM) and several of their analogs [28,29]. Although Cx43
channels are also inhibited by these drugs, much higher concen-
trations are required [29].
Cx50 channels are also more sensitive to 2-aminoethoxydiphe-
nyl borate (2-APB) than Cx43 channels (IC50, 3.7 lM for Cx50 vs.
51.6 lM for Cx43) [30]. The effect of 2-APB on Cx50 gap junction
channel function is due to a decrease in open probability without
changes in voltage-dependent gating or single channel conduc-
tance of the main state [30].
Cx50 channels (expressed in transiently transfected N2A cells)
are inhibited by the triarylmethanes, clotrimazole (IC50, 5 lM),
T122 (N-[(2-methoxyphenyl)diphenylmethyl]-1,3-thiazol-2-
amine) (IC50, 1.2 lM) and T136 (N-[(2-iodophenyl)diphenyl-
methyl]-1,3-thiazol-2-amine) (IC50, 2.4 lM) [31]. Cx43 channels
are not signiﬁcantly inhibited by these compounds, even at
10 lM, a concentration that almost completely inhibits Cx50 junc-
tional currents [31].
Cx43 and Cx50 hemichannels are inhibited by similar concen-
trations of the non-selective blockers that inhibit intercellular
Cx43 and Cx50 channels (including carbenoxolone, a-glycyrrheti-
nic acid, ﬂufenamic acid, and alkanols). Like their intercellular
channels, Cx50 hemichannels are blocked by quinine analogs.
Studies of the quinine derivative, N-benzylquininium, suggest that
it inhibits Cx50 hemichannels by reducing their opening probabil-
ity [32]. In contrast, Cx43 hemichannels open in response to high
concentrations of quinine (P50 mM), since it induces ATP release,
Ca2+ oscillations and limited Ca2+ waves (that are partially ATP-
dependent) in Cx43-expressing C6 glioma cells [33]. (These effects
were not observed in untransfected C6 cells.) Cx50 hemichannels
are blocked by diethyl pyrocarbonate [24].
3.4. Regulation by kinases
Both Cx43 and Cx50 are phosphoproteins, and are modiﬁed by
multiple Ser/Thr kinases. Cx43 is also subject to tyrosine phosphor-
ylation (by Src kinase). Phosphorylation of connexins has been
implicated in the regulation of several steps of their life cycle
including trafﬁcking, targeting to the plasma membrane, assembly
into gap junction plaques, channel gating, internalization and
degradation.
The roles of Cx43 phosphorylation by various kinases (and their
stimulation by signal transduction pathways) have been elucidated
in different cell types and have been extensively reviewed [34,35].
Cx43 is phosphorylated by PKC on Ser368. Phosphorylation at this
site modulates the single channel conductance and permeability of
Cx43 gap junction channels [36,37] and abolishes the permeability
of reconstituted Cx43 hemichannels to Lucifer yellow and sucrose
[38]. In single Xenopus laevis oocytes expressing Cx43, treatment
with PKC inhibitors increases the uptake of 5(6) carboxyﬂuorescein
[39].
Although less extensively studied, Cx50 channels are also regu-
lated by kinases relevant to lens epithelial cells. Indeed, studies
performed in cultures of chicken lens epithelial cells implicated
FGF signaling through the ERK pathway in the regulation of Cx50
gap junctions, because treatment of these cultures with FGF in-
creased gap junctional coupling [40]. In agreement with this obser-
vation, Cx50-mediated junctional conductance was signiﬁcantly
increased when a constitutively active form of MEK1 was ex-
pressed together with Cx50 in Xenopus oocytes [41]. Junctional
conductance was also increased by FGF treatment of Xenopus oo-
cytes that had been co-injected with Cx50 and FGF receptor cRNAs,
likely by activation of MAPK signaling [41].4. Properties of connexin channels in lens epithelia
The difference in pharmacology between Cx43 and Cx50 chan-
nels has been used to evaluate the contribution of each of these
connexins to gap junction coupling in lens epithelial cells. Initial
studies concluded that most of the gap junctions between lens epi-
thelial cells from adult animals had properties corresponding to
Cx43 channels [42]. Cx43 is also primarily responsible for the
gap junction-mediated communication in epithelial cell sheets
from 1 to 2 week-old mice, since the intercellular transfer of Neu-
robiotin and Lucifer yellow was reduced by deleting Cx43 expres-
sion, but unaffected by deleting Cx50 [18]. However, gap junctional
currents in lens epithelial cells isolated from post-natal day 6 mice
were reduced by 60% by the triarylmethanes, T122 and T136,
which do not signiﬁcantly inhibit Cx43 channels [31]. Similarly,
in pairs of dissociated epithelial cells from 3-day-old mice quinine
treatment reduced junctional conductance by 60–70%, although
the extent of this effect decreased with age [43]. Taken together,
these ﬁndings suggest that Cx50 makes a major contribution to
epithelial coupling during the ﬁrst few post-natal days, but it de-
creases at later ages. This Cx50 coupling temporally correlates with
the postnatal proliferative peak in mouse lens epithelium (that
peaks at postnatal days 2–3) [43].
Lens epithelial cells express various kinases including ERK1
and ERK2 [44] and several isoforms of PKC [45]. Intercellular
communication among epithelial cells is decreased following
treatment with phorbol esters, which activate PKC [46–48].
Experiments performed in different systems have implicated var-
ious mechanisms for this effect including targeting of Cx43 for
proteasomal degradation, changes in Cx43 antigenicity, decreased
levels of Cx50 mRNA, disappearance of Cx50 from gap junction
plaques, and subcellular redistribution of Cx43 [47,49–52]. The
effects on Cx43 may not be direct consequences of Cx43 phos-
phorylation, since phosphorylation of Cx43 at the PKC target site
(Ser368) was not detectable in embryonic or adult lenses using
site-speciﬁc antibodies [53].
5. Functions of connexin channels in lens epithelia
As noted, various protein kinases that are activated in response
to growth factors can alter connexin phosphorylation and modu-
late epithelial cell communication. Epithelial gap junctions can also
inﬂuence or mediate the effects of growth factors on epithelial cell
proliferation and differentiation.
Although Cx43 is expressed early during lens development
[54,55], various mouse studies suggest an uncertain importance
of Cx43 for lens epithelial cells. Although Cx43-null mice die neo-
natally, their lenses are similar in size to those of wild type animals
[56]. The gross development of the lens appears normal for at least
2 weeks after birth in nestin-Cre/Cx43ﬂox/ﬂox mice, which have a
conditional deletion of Cx43 in nervous system and ocular tissues
[57]. Moreover, MLR10-CreCx43ﬂox/ﬂox mice that have a lens-spe-
ciﬁc deletion of Cx43 have clear lenses that appear normal through
at least 6 months of age [18]. Although counter-intuitive, these re-
sults suggest that expression of Cx43 is not crucial for the develop-
ment of the lens or the survival, homeostasis or proliferation of
epithelial cells.
In contrast, studies of mice with homologous deletion of Cx50,
clearly demonstrate its importance in lens epithelial cells. Cx50-
null mice develop small lenses due to reduced proliferation of lens
epithelial cells during the ﬁrst postnatal week [43,58]. This effect
appears speciﬁc for Cx50, since its replacement with Cx46 only
partially restores the increased mitosis that normally occurs on
post-natal days 2 and 3 [58]. These authors concluded that Cx50
inﬂuences this neonatal mitotic burst independent of MAPK
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levels of pERK between wild type, Cx50KO and Cx46KI animals
[58].
However, the MAPK/ERK signaling pathway does have a signif-
icant inﬂuence on lens epithelial cells and their connexins. ERK2
has a major role in proliferation in the germinative (peripheral)
zone, and both ERK1 and ERK2 inﬂuence proliferation of epithelial
cells in the central region [44]. FGF treatment or ERK activation in-
creases intercellular coupling (attributed to Cx50) in cultured
chicken embryo lens cells [40]. In vivo expression of a constitu-
tively active form of MEK1 (an upstream activator of MAPK/ERK)
in the mouse lens results in several defects including macrophthal-
mia, cataracts and lens rupture [59]. It also signiﬁcantly increases
the contribution of Cx50 to lens epithelial cell coupling, which cor-
relates with an increase in mitosis at post-natal day 5 [41].
The abundance and function of epithelial cell connexins may
inﬂuence the differentiation of lens epithelial cells. Expression of
the chicken Cx50 ortholog (including a non-functional mutant) or
a chicken Cx46 chimera containing the Cx50 carboxyl terminus
promotes differentiation of chicken lens cells in culture [60,61].
The mechanism for this ‘‘non-channel’’-induced effect of Cx50
has not been clariﬁed, but it may involve interactions of the Cx50
carboxyl terminus with other cellular proteins to modulate intra-
cellular signaling critical for lens cell differentiation. Cultures de-
rived from dissociated chick embryo lens epithelial cells may
mimic events occurring at the lens equator where FGFs inﬂuence
epithelial cell differentiation [62]. Although FGF increases gap
junction coupling and induces synthesis of several ﬁber cell-spe-
ciﬁc proteins in these cultures, these processes are not directly
linked, since treatment with gap junction blockers did not affect
the markers for ﬁber cell differentiation [63]. However, studies of
mice with the non-functional Cx50D47A mutation show that loss
of Cx50 function may disrupt completion of the ﬁber cell differen-
tiation program [9].6. Pathologic abnormalities of lens epithelial connexins
Alterations in epithelial cells and their connexins can contribute
to lens pathologies (including reduced growth and development of
cataracts). Therefore, studies of these cells can help elucidate their
initial changes, pathways and pathologic mechanisms.
In many cases, the development of opacities in the lens (cata-
racts) has been attributed to the damage to crystallins and other
lens proteins. Studies of epithelial cells have shown that such dam-
age can be caused by ultraviolet irradiation or generation of reac-
tive oxygen species [64–67]. Lens gap junction channels allow
the permeation of molecules that facilitate maintenance of a
reducing environment (like cysteine, ascorbate, and glutathione),
which are taken up from the aqueous humor or generated in epi-
thelial cells. The intercellular movement of these molecules would
be disrupted by abnormalities of lens epithelial connexins perturb-
ing the redox state of the lens. The levels of reduced glutathione
are reduced in cataractous lenses [68], and depletion of glutathione
causes damage to epithelial and ﬁber cells in neonatal mice
[69,70]. In other cell types, some toxic agents (like CCl4 and para-
quat) that induce free radical generation cause cellular uncoupling
[71,72]. However, oxidized cellular compounds do not always
decrease gap junction function, because treatment of primary
cultures of lens epithelial cells with 7-ketocholesterol increases
dye transfer between these cells [73].
Although deletion of Cx43 in the lens does not cause patholo-
gies (see above) and Cx43 mutations have not been linked to lens
abnormalities, mutations of Cx50 can lead to both reduced lens
size and cataracts. Several lines of mice expressing Cx50 mutants
(including Cx50R205G, Cx50S50P, Cx50V64A, and Cx50D47A) havesmaller lenses than wild type animals [9,74–76]. The severity of
the size reductions and the difference in size between wild type,
heterozygous and homozygous mouse lenses depends on the par-
ticular Cx50 mutation. Analogy to the decreased mitosis in homo-
zygous Cx50-null animals suggests the hypothesis that expression
of these Cx50 mutants decreases proliferation of lens epithelial
cells and consequently reduces lens growth.
Cx50 mutants that cause cataracts may also affect Cx43 and epi-
thelial gap junction function. In Cx50S50P mice, the mutant Cx50
may interact with and affect the wild type Cx43, since the epithelia
from these mice have decreased and less organized Cx43 gap junc-
tion plaques, reduced levels of Cx43 and reduced intercellular com-
munication [18]. In the epithelia of mice expressing Cx50D47A,
Cx50 immunoreactivity is increased in the cytoplasm and its
co-localization with Cx43 is decreased; these changes are more
pronounced in homozygous than in heterozygous animals [9].
The possible interaction of Cx50 and Cx43 in lens epithelia led
us to explore immortalized human lens epithelial cells (HLE) as a
potential model to study the consequences of alterations of lens
epithelial connexins. There are several different HLE lines, and
we chose to use SRAA01/04 cells [77]. Although these cells do
not produce high levels of all lens-speciﬁc proteins, they express
Cx43 and low levels of Cx50 and have been used to investigate
the responses of lens cells to various insults like UV irradiation
or oxidative stresses [78–80]. We stably transfected the HLE cells
with wild type human Cx50 (HLE-Cx50) or the cataract-linked mu-
tant, Cx50P88S (HLE-Cx50P88S). As expected, wild type Cx50 local-
ized along appositional membranes in a distribution consistent
with that expected for a gap junction protein (Fig. 2A). In contrast,
Cx50P88S formed large cytoplasmic inclusions similar to the auto-
phagosome-associated/ER-derived structures that we have seen
when this protein is expressed in other cell types [19,81,82]
(Fig. 2B). Expression of these two forms of Cx50 led to changes in
levels of other proteins (Fig. 2C–E). Expression of wild type Cx50
did not alter the levels of the cell adhesion molecule, CADM1 (also
known as SynCam), as compared with the levels found in untrans-
fected HLE cells, but expression of Cx50P88S dramatically reduced
its levels. Levels of the quinone reductase 1, NQO1, were increased
in HLE-Cx50 cells, but unaffected in HLE-Cx50P88S cells. Intracel-
lular proteolysis and components of the ubiquitin/proteasomal
pathway have been implicated in the responses of lens epithelial
cells to various stresses [83,84]. Therefore, we examined the E3
ubiquitin ligase, MURF2 which was abundant in these cells; how-
ever, its levels were unaffected by transfection with either wild
type or mutant Cx50. These results imply that wild type and mu-
tant connexins differentially alter some (but not all) lens epithelial
cell proteins and that stably transfected HLE cells may prove a rea-
sonable system for studying such changes. Because CADM1 is ex-
pressed in epithelial and cortical ﬁber cells [85], the decrease in
CADM1 levels suggests that the cataract-associated connexin mu-
tant may affect cell adhesion between epithelial cells or cortical
ﬁber cells in the lens in vivo.
Connexin hemichannels may be involved in disease or age-re-
lated cataracts that result from the cumulative effects of various
insults on lens components, since some of these stresses (like met-
abolic inhibition or reactive oxygen species) also provoke opening
of hemichannels [21,86]. Although openings of connexin hemi-
channels (likely composed of Cx46) have been observed in isolated
lens ﬁber cells [87], it is likely that hemichannels rarely open under
normal conditions in lens epithelial cells. Cx43 and Cx50 hemi-
channels are mostly closed in the presence of physiological
concentrations of extracellular Ca2+ [86,88]. In astrocytes, patho-
logical opening of Cx43 hemichannels has been linked to S-nitrosy-
lation of the protein [89]. However, the lens may be protected from
the deleterious consequences of such hemichannel opening,
because this effect could be antagonized by high concentrations
Fig. 2. Expression of wild type Cx50 and Cx50P88S differentially affect levels of
several proteins in lens epithelial cells. (A, B) Photomicrographs show the
distribution of immunoreactive Cx50 in SRAA01/04 cells stably transfected with
wild type human Cx50 (HLE-Cx50) (A) or Cx50P88S (HLE-Cx50P88S) (B). Arrows
indicate staining at appositional membranes consistent with the expected distri-
bution of gap junctions; this staining is prominent in cells expressing Cx50, but not
in those expressing Cx50P88S. Arrowheads indicate cytoplasmic accumulations
seen only in cells expressing Cx50P88S. Bar, 19 lm. (C–E) Immunoblots show levels
of unmodiﬁed and glycosylated CADM1 (C), NQO1 (D) and MURF2 (E) in total
homogenates of untransfected HLE cells or cells transfected with Cx50 or Cx50P88S.
Levels of CADM1 were decreased in HLE-Cx50P88S compared to untransfected and
HLE-Cx50 cells and levels of NQO1 were increased in HLE-Cx50 compared to
untransfected and HLE-Cx50P88S cells. Levels of MURF2 were similar between HLE-
Cx50 and HLE-Cx50P88S.
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the deleterious ‘‘hemichannel-like’’ events that occur in the lens
may also be due to contributions of other (non-connexin) proteins,
since other proteins (including pannexins) expressed in lens epi-
thelial cells form relatively non-selective, large pore channels
[90,91].
7. Perspectives
The importance of connexins for the lens is certain, based on the
abnormalities observed in mice with homologous deletion of Cx46
or Cx50 and in people or rodents expressing mutant forms of these
proteins. At least some of the cellular and functional abnormalities
of these connexin mutants are manifested in the lens epithelial
cells. Because of their superﬁcial location, the epithelial cells are
the ﬁrst lens cells exposed to many insults that contribute to cata-
ract formation. Because they are nucleated and metabolically ac-
tive, they are the best equipped lens cells to defend and protect
the rest of the organ from these noxious stimuli. Therefore, epithe-
lial cells have been studied by many investigators interested in the
pathogenesis of age- and disease-related cataracts. Although
underexplored, it is likely that the gap junction channels and hemi-
channels formed by connexins in the lens epithelium inﬂuence
these processes. Indeed, connexin channels may assist with tissue
protection but they may also contribute to injury.
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